).However, it is time consuming in relation to the time available in the emergency situation with complication rates of 14-20%, e.g. pneumothorax, cardiac perforation, ventricular arrhythmias and up to 34%8.
In 1952 Zoll had also described the use of a transoesophageal electrode for cardiac pacing but the technique was not clinically applied until 1957 by Shafiroff", The following year Thevenet" reported the emergency use of a lumbar puncture needle pushed through the chest wall 5 mm into the myocardium, through which a conducting wire was introduced, to produce transthoracic pacing.
In 1959 Furman and Robinson" passed a wire catheter in a method similar to that employed in cardiac catheterization and applied a stimulating pulse directly to the endocardial surface of the right ventricle. Transvenous pacing subsequently became the most widely accepted method of emergency pacing until the re-emergence of ZolF with a modified external pacing system in 1981. Larger surface electrodes, placed anteriorly, by the left lower sternal border and posteriorly, in the left subscapular area, with a high impedance conductive medium between electrodes and skin, eliminated pain from the stimulation of cutaneous sensory nerves. A longer pulse duration of 40 ms exploits the different thresholds for maximal stimulation of skeletal (< 1 ms) and cardiac (> 40 ms) muscle. This allows lower currents for maximal cardiac stimulation producing less severe and well tolerated skeletal muscle contractions. Although pulse artefact still occurs, confusion with arterial pulse is less problematic and is further reduced with experience. The interference with electrocardiograph interpretation caused by large stimulus artefact has been abolished by improved technology.
Historical review
Attempting to reactivate the heart by electrical devices is not a new concept. In 1862 Walsh' discussed the possibility of causing the heart to contract by faradic stimulation of the sympathetic nervous trunk and, until 1910, interest centred on whether the neuromuscular mechanism of the heart was controllable by electricity. During the next decade workers passed electric currents of different types through the chest to reanimate the asystolic heart. In 1928 Hymanused a needle electrode to carry stimulating current directly to the heart muscle, based on the 'Needle Prick' theory. This supposed that the relative myocardial hypoxia early in asystole produced a marked alteration in the irritability of heart muscle, thus enhancing the response to stimuli initiated outside the normal pacemaker area. In this early phase of hypoxia, the development of a single ectopic contraction may be sufficient to restore normal sinus rhythm. This concept popularized the use of intracardiac injection, usually with adrenaline, as a mechanical means of generating a focal point of irritability from which ectopic beats might be initiated. By replacing the single mechanical stimulus of the intracardiac needle by a needle electrode capable of delivering repeated electrical stimuli the chances of reactivating the myocardium would be improved.
Little significant progress ensued until 1952 when Zoll", in Boston, first reported the successful resuscitation of two. 'patients with high degree heart block, bradycardia and ventricular standstill causing Stokes-Adams attacks using external non-invasive pacing. He used a thyratron stimulator generating impulses of direct current initially via hypodermic needles placed subcutaneously in the chest in a line traversing the ventricles. These were later replaced by 30 mm diameter electrocardiograph pads, the negative electrode just lateral to the cardiac apex and the positive electrode to the left of the sternum, using pulses of 2 ms duration delivering 50-200 mAo Zoll concluded it was a simple, effective and apparently safe means of arousing the heart from ventricular standstill. Unfortunately his patients complained of severe chest pain, uncomfortable skeletal muscle twitching and sustained superficial skin burns with prolonged application. In addition monitoring the patients proved difficult as electrical interference obscured electrocardiograph interpretation and the vigorous skeletal muscle contractions produced shock wave artefact making pulse detection difficult. These problems coincidedwith the introduction ofalternative pacing techniques and external pacing fell out of favour. 
Advantages

Indications for emergency pacing
In Accident and Emergency practice the most frequent indication by far is bradyasystole, the first recorded rhythm in at least 30% of out-of-hospital cardiac arrests. The prognosis for this group is dismal with < 10% short term and 0-3% long term survival.
A small subgroup of patients for whom emergency pacing may be effective can be identified by a literature review.
External pacing
Dissatisfaction with emergency transvenous pacing led Zoll to further improve his original pacing system towards the ideal which should be an 'external, noninvasive, well tolerated, quick and easy method of temporary cardiac stimulation' ( Table 3 ). The only contraindication to use is within 3 days ofthoracotomy. However the skeletal muscle contractions which are responsible both for this contraindication and the principle disadvantage of shock wave artefact may, in fact, be advantageous. Murdock'' has reported a patient in cardiogenic shock and complete heart block in whom the vigorous chest and abdominal contractions associated with external pacing increased arterial pressure and cardiac output, presumably due to intermittent increases in thoraco-abdominal pressure transmitted to the heart and great vessels causing blood to flow to the periphery down a pressure gradient producing 'pacemaker induced CPR'. found a mean time of 29 min elapsed from cardiac arrest to attempted pacing. The studies did, however, establish the technical feasibility of external pacing in the field. Recently EiteP2 reviewed 91 patients with out-of-hospital cardiac arrest paced in the field. He found that pacing before or after pharmacological treatment made no difference to outcome. Significantly the average time elapsed from cardiac arrest to institution of advanced life support (downtime) was 14.5 min. The only patient who survived to be admitted to hospital, was one of the 21 patients presenting in ventricular fibrillation who converted to asystole with countershock and was immediately paced. That patient did not survive to be discharged from hospital. The possibility of improving survival from out-ofhospital arrests by immediately pacing those patients defibrillated into asystole has been realized in some centres in the United Kingdom with advanced training of ambulance personnel in defibrillation and the provision of combined defibrillator and external pacing units. -Iaggarao'" reported two such patients who survived to be discharged from hospital, and Gray14 described one survivor under identical circumstances, with several other transiently successful pacing attempts all of whom subsequently died.
Pacing for cardiac arrests occurring in hospital
Clinton'? and Knowlton'" attempted to pace patients in bradyasystolic cardiac arrest, occurring in hospital, after resuscitation along advanced life support guidelines including standard pharmacology. In Clinton's group one asystolic patient survived to be discharged from hospital. This survivor had a brief period of asystole following failure of his permanent pacemaker. McNeil 19 has reported survival in similar circumstances. In Knowlton's group of 22 patients, external pacing produced a palpable pulse in 2 patients, neither of whom survived to discharge. They conclude that failure to respond to standard pharmacology is indicative of severe myocardial damage and pacing rarely improves survival. The Salford experience Practice at Hope Hospital reflects these results. For a 3 month period in 1986 we had access to an external pacing unit, which was used on 15 occasions. Only one of the 15 patients arrested in hospital, and the presenting rhythm was asystole in all but 2 patients, who had pulseless bradyarrhythmias. Electrical capture was achieved in 8 cases and a transient restoration of pulse in one. We were able to confirm the speed and simplicity of use allowing airway management, venous access and pharmacological treatment to continue without interruption. However, none of our patients survived. Pacing was attempted after pharmacological treatment as recommended by the Resuscitation Council UK (1984) .
The time factor
From these studies it is clear that a critical factor for successful resuscitation is time from arrest to pacing. Zoll reported'" 86 patients who were externally paced following asystole or bradycardia, either pulseless or with hypotensive collapse ( Table 4 ). The expected arrest group were those patients with rhythm or conduction disturbances likely to result in asystole or bradycardia who were monitored with the pacer immediately available. Although the survival rates are without equal in the literature, the high success rate is due to the inclusion ofpatients with bradycardia without full cardiac arrest, and asystole secondary to conduction system disease (Stokes-Adams attacks), in whom high survival rates should be anticipated with the early use of pacing. The paper does not specify how many episodes occurred in these groups of patients and how many occurred in the more common scenario of bradyasystolic arrest with concomitant hypoxia, ischaemia and acidosis, which form the majority of patients in other studies. Notwithstanding this, the demonstration ofimproved survival associated with pacing within 5 min of arrest is important. This conclusion is endorsed by Syverud/! who reported 19 patients in out-of-hospital bradyasystolic arrest in whom pacing was' attempted after advanced cardiac life support, (including pharmacological treatment and a fluid challenge) was unsuccessful. Two of the 5 patients paced within 5 min of arrest were admitted and subsequently recovered full neurological and pre-arrest cardiac function. None of the 14 patients paced between 5 and 20 min after arrest survived. The optimistic concept of improved survival associated with very early pacing is not shared by all workers. Knowlton and Falk'" attempted to pace 26 patients in bradyasystolic cardiac arrest occurring in hospital refractory to standard drugs. In 72% this was achieved within 5 min, and although demonstrating electrical capture in 46%, only 2 patients developed palpable pulses and there were no long term survivors. However, only 8 arrests were due to primary cardiac causes, and included the 2 short term survivors, the remainder occurring as a result ofhypoxia or metabolic derangements in whom survival would not be expected. In laboratory work with dogs, Niemann'< electrically converted 34 episodes of ventricular fibrillation, of 2 min duration without CPR, to asystole or a pulseless rhythm with an endocardial pacing wire in situ. Immediate endocardial pacing failed to result in arterial pressure pulses in any animal. They conclude that myocardium subjected to even brief periods of global ischaemia will be unresponsive to electrical stimulation alone. CPR and adrenaline via a central line restored spontaneous circulation in all 14 animals in which it was employed.
Pace early
Achieving improved outcome and survival from bradyasystolic cardiac arrest requires the institution of emergency pacing within 5 min of arrest. This effectively means patients in hospital being monitored with pacing technology immediately available. For this group survival is most likely but requires modification of existing cardiac arrest guidelines to allow pacing to become an immediate priority, alongside CPR and pharmacological treatment. At present both the Resuscitation Council UK23 and American Heart Associatione' protocols consider pacing as a final option if standard pharmacology has proved unsuccessful. By this time the potentially salvageable myocardium is unresponsive to any stimulus, pharmacological mechanical or electrical and pacing will fail. Time to pacing will not influence the outcome of resuscitation where the severity of the underlying cardiac or systemic disease is such that asystole is the terminal irrecoverable event.
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Conclusion
Ease of use, safety and effectiveness have established external pacing as the method of choice for temporary emergency cardiac pacing.
Pacing is recommended for those patients with (i) bradyasystolic cardiac arrest of less than 5 min duration whether occurring in hospital or immediately prior to arrival in the Accident and Emergency Department. This will optimize the chances of recovery for the minority of this group who are potentially salvageable. (ii) Bradyarrhythmias with haemodynamic collapse due to primary conduction system disease. This group is small in comparison to those in bradyasystolic cardiac arrest but is the most probable to respond to pacing.
Pacing should be considered as an immediate priority in resuscitation, accompanied by early, effective CPR and pharmacological treatment, and not delayed until these measures have failed. 4 
